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clocks at the ground tracking sites 
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Roughly $12B to develop GPS (in 1980s) 
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Network processing improves orbits and eliminates dependence on clocks, 



Applications of Clocks to Space Navigation & “Planetary GPS” 

Spacecraft Navigation with JPL Blackjack GPS Receivers 
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5-cm accuracy 
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Delta-Differential one-way range, VLBI 
• 2 nrad = 0.06 nsec = 1 .2 cm delay 
Optical navigation 


Jr 05 

o O 

m ° 

(u c 

S. .C 

ft u 

E £ 

ro o 

— 1 © 

- §2 

■N O 

(Owl 
n 3 2 

“ Q. E 

0 2 1 

Q- o 


>c 

a) 


(0 

+-» 

0 

e 

0 


oa 

c 

o 


CO 
0 

T3 

o 

GQ 

CO 

0 
(0 £ 
D) 0 
> 0- 
0 !- 
z ® 

<D 

o O 

0 H-. 

Q. 0 

(/> 


D) 
C 

0) O 


O .E 


o 

o 

o 

M— 

o 

c/> 

c 

o 

■ 

o 

■ 

a 

a 

< 


0 

k» 

H 

13 

(7) 





"§oa 

is 

*s 

> O) 

■■n 1 

CO > 

O w 
c 

5 O) 
E c 


0) 

0) 


u 


C^- 


to 

3 


-Q 

CO 



C 


E 

o 

4— 

o 

£ 

(0 

c 

o 

CD 

(0 

4-» 

o 

(/) 

Q. 

(0 

a 

to 

(0 

s 


o 

CO - 
d) C^' 

X> c 

a> 

£ 

® o 

3 , 

a> 

> 

(0 

to 0 



4-» 

to 

U) 

f— 1_ 

□ 

Si2 

• 








o> 

s 


£ 


only about 1 sec to the Moon 

* Importance of autonomy 

Some Earth-orbiting GPS can be usefully 
tracked at Moon 
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Uses whatever orbiters are 
available for emergencies. 
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Key trade: should ground tracking terminals be remotelydeployed (as are used for GPS operations)? 
If so, should theybe equipped with highly stable clocks? How long can/will such ground automated 
ground terminals function in a hostile environment? Can the system be maintained solely via Earth 
tracking? How would the reference frame tie be maintained? 
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Use of GPS tracking at the Moon should be evaluated in a technical study. 
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